We separated age categories in a planted Adonis vernalis population on the basis of the primary shoot number. Some generative traits of the old and young individuals were compared and their responses on severe environmental stress were examined. Differences were found in the flowering date, the number of ovules, seeds and seed weight. The characteristic stress response of the old plants was the decrease of the length of the flowering period. The young individuals were better able to withstand extreme environmental publications than were older individuals. During growing seasons with extreme environmental conditions, young individuals produced a much greater number of seeds than older individuals.
INTRODUCTION
Adonis vernalis, the wild growing medicinal plant, is distributed through Europe and Asia. In Hungary it is frequent in the Trans-Danubian and the low mountain region and occurs sporadically in the Hungarian Plain (Soó, 1970) . As a result of the overexploitation of the natural populations it has become rare throughout of Europe (Bernáth, 1988 , Németh, 1997 . It has been protected plant in Hungary since 1982. Attempts have been made for introduction (Szabady-Nyárádi et al. 1976 , Galambosi 1980 , 1980a , but owing to the weak germination of the seeds and the slow growth intensity of the plants these were unsuccessful. Twenty years ago it was one of the important export drug in many East European countries (Lange, 2000) , but as the species became protected in most countries, the trade was banned.
A. vernalis accumulates cardiac glycosides of cardenolide type, adonitoxin, adonitoxol and cymarin (Frohne, 1994) and other physiologically effective compounds: cholin, adonitic acid (Augustin et al., 1948) . The flowering shoots were collected and dried, and its tea was used in heart diseases, against insomnia, epilepsy and neurosis. It has diuretic effect too. The fresh plant material was applied in homeopathy (Madaus, 1938) . Nowadays the increasing demand in medicinal industry for special compounds of natural origin turns our attention again to Adonis vernalis.
As in the case of the most medicinal plants growing in the wild, there are also very few information on the morphological, anatomical characters and generative processes of A. vernalis. Máthé (1977) introduced the flowering index for the description of the generative phase, Galambosi (1980) gave some data on germination and growth, Kugler (1970) described the pollination and pollinators.
The aim of the recent work is to add further data for the biology of Adonis vernalis. We compare the generative characters of individuals of different ages in the same population. Attempt is made to reveal the role of plant age and different developmental and generative strategy in the survival of the population in extreme environmental conditions.
MATERIAL AND METHODS
A. vernalis (Ranunculaceae family) is a perennial plant with complex shoot system. On its underground stem (rhizome, rootstock) there are numerous buds. These buds develop into primary aboveground shoots usually two lateral branches on them. The lateral branches terminate in flowers or remain vegetative. Adonis vernalis has apocarpous gynoecium and one-seeded achenes as fruit. Therefore the number of the pistils in the gynoecium of a flowers is equal with the number of the ovules, and the fruit number and seed number.
We started long term experiments (Mihalik et al., 2000 (Mihalik et al., , 2000a on Adonis vernalis in 1995. We planted rhizomes with two buds originating from natural population into an experimental plot in the Botanical Garden of the University of Szeged Hungary, there was settled a population of 50 individuals.
On the basis of the primary shoot number we created two age categories in the population: group of old plants involves individuals with higher primary shoot number and young ones with lower number of primary shoots. There was significant difference between the two groups. We assume, the larger the rhizome (thus the more food reserves), the more primary shoots emerge. Consequently individuals with many primary shoots are older than those that produce fewer shoots, because a larger rhizome requires more years to develop.
For the detection of the flowering dynamic of the plants, the generative phase was divided into two parts. The first two weeks were the early period, the third week was the late period. Flowers were marked in the order of blossoming, and were divided as early and late flowers depending on the period when they emerged. The ovule number and seed number were detected separately in each flower.
The two experimental years, 1999 and 2000, were distinct in the distribution of the available water and the temperature. The year 1999 was an "ordinary" one concerning the environmental factors. During the spring it was appropriate rain and temperature for shoot development and for the generative phase. In the year 2000, the experimental plot was covered with surface/standing water at the beginning of the vegetation period. These extremely wet months were followed by a hot and severely dry period, there was practically no rain until autumn.
RESULTS

Shoot-and Flower Number
In 1999 the two age-categories (Table 1) showed significant difference in the number of flowers developing in the first half of the flowering period (early flowers). The number of flowers developing in the second half of the flowering period (late flowers) also differed in the age-categories, but this difference wasn't significant. It is interesting that the total number of flowers (early and late together) of old and young individuals were almost the same. It means that the age of the individuals determines the temporal appearance of the flowers. It is supposed that the larger rhizomes of the old individuals contain more reserved starch than the young ones, therefore they could provide enough nutrients for the early forming of the flowers, while for the young individuals the photosynthetic product of the above-ground shoot system is necessary at a greater extent for the flower development.
In case of the old individuals there was a strong correlation (r=0.887) between the number of early flowers and the number of primary shoots, but as for the young individuals this correlation was much weaker (r=0.512).
In 2000, just like in 1999, the old individuals produced more early flowers than the young ones, and also the young individuals had more flowers in the second half of the flowering period than in the first half. The sum of the flowers was the same in the age categories. Thus we can state that the difference between the two age-categories in flowering dynamics determined in 1999 was manifested under extreme environmental circumstances too. The reason for it should be that the order of the flower bud development depends mainly on the age of the individual, the effect of the environmental stress however is uniform, it is expressed in the year 2000 as the decline of the flower number more than 85 % in both age categories
The strong correlation (r=0.7) between the number of primary shoots and the number of early flowers in both age-categories was not changed by the environmental factors.
Ovule and Seed Number
The common manifestation of the constant competition of modules of the plant body is that the most allogamous hermaphrodite plants develop more flowers than fruits and seeds (Ehrlén, 1991 , Sutherland, 1986 and Bawa-Webb, 1984 , it means that in flowers with acrocarpous gynaecium and one-seeded fruits, more ovules develop than produce seeds. In 1999 and 2000 we determined the average number of ovules (pistils), ripened and aborted seeds on the early and late flowers.
Though there was a considerable difference in the number of early and late flowers in the case of the young individuals, the number of ovules per flower practically does not differ. It is assumed, that the number of parts in each flower is independent of the period when the flower was formed. The number of the ovules is influenced only by the age of the individuals: the young plants bear fewer ovules. The number of seeds however is influenced by the age and also by the period of the fruit appearance. While in the old age-category the fruit number was independent of whether it had been formed in an early or late flower, in the young category significantly fewer fruits were formed in the late flowers. The architectural modules of the plants are in constant competition for the food-resources with each other. In the second half of the flowering period the above-and also the under-ground shoot system are developing vigorously, so it is likely that in the young individuals there isn't enough reserve material for the forming of fruits. This should be the reason of the high percent of seed abortion.
The number of ovules and seeds are strongly influenced by environmental conditions. In 1999 practically there was no difference in the ovule number of early and late flowers, while in 2000 the ovule number of the late flowers is small. The low level of seed abortion in the young individuals is an interesting phenomenon. The differences in fruit production should be among others due to the change in number and size of shoots (Samson & Werk, 1986) . As Stöcklin (1997) states every effect that reduces the number of shoots also reduces the fruit production.
Seed Weight
In both years the average seed weight depends on the period when the flower had appeared. In case of the young individuals the seed weight was less, than that of in the old plants. Seeds formed in the late flowers of the 'youngsters' had the smallest weight. Correlation could only be found on the young individuals between the seed number and seed weight.
DISCUSSION
The growth and development of a plant is basically regulated by two processes: the resource limitation and the architectural effects (Diggle, 1995) . In this latter case the different sites/points of the shoot system have different seed-,/fruit-producing capability due to their spatial position. This is of less importance in our case, as a result of the complex shoot system and relatively small (40-60 cm) plant height of Adonis vernalis.
The expression of the resource limitation can be followed at different level. The buds on the underground stem develop during the vegetation period and remain dormant through the winter. At the beginning of the next vegetation period the number of the primary shoots and flowers on them is influenced by the interaction of the power of the food reserve developed in the former year and the amount of the recent photosynthetic products: this latter is influenced by the actual environment. In the plants where the food reserve is considerable (old individuals with large rhizomes, numerous buds on them) great number of flowers emerge at the beginning of the generative phase and the degree of flower development is almost constant. The flowers bear numerous ovules and they develop into seeds with about 30 % abortion.
Plants with smaller food reserve depend to a greater extent on the recent photosynthetic products. The flower number in this case is higher in the second half of the generative period. The development of the ovules and seeds is independent from the flower number, because their amount is almost the same in early and late flowers. The seed weight is significantly smaller in young individuals and in most cases does not correlate with the seed number. In the young individuals the resource limitation occurs at the level of the seed set, the abortion exceeds 60-80 %.
In the case of severe environmental stress the general characteristic response of the plants is the decrease of the amount of the generative structures or even the lack of them. All individuals were involved in our experiment survived the stress, but the old and young individuals followed different strategies. The old individuals decreased the length of the flowering period: no late flowers were found. Therefore the total number of flowers were considerably less. The number of ovules and seeds and the seed weight decreased dramatically, the percent of the seed abortion remained almost constant. The young plants have also less flowers, but the amount of the early flowers increased. The ovule and seed number changed only at a lesser extent in comparing with the former year with "ordinary" abiotic environment and the abortion of seeds became less too. We can conclude, that in the generative reproduction of an A. vernalis population the old and young individual play different roles. In "ordinary" years the older plants produce more propagule, in stress conditions however the majority of seeds are produced by the young plants. 
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